We have isolated the gene, its corresponding cDNA and a closely related cDNA encoding the Xenopus winged helix factors XFD-13
Introduction
Transcription factors of the fork head/winged helix multigene family play important roles during vertebrate embryogenesis and for the maintenance of differentiated cell states in adult tissues (Kaufmann and Kno Èchel, 1996) . More than 100 genes have meanwhile been identi®ed in different organisms ranging from yeast to human which are all characterized by the evolutionary conserved 110 amino acid motif ®rst identi®ed in the Drosophila mutant fork head and in rat hepatocyte nuclear factor 3 (HNF-3) (Weigel and Ja Èckle, 1990; Lai et al., 1991) . This domain which is also designated as fork head/HNF-3 domain shows winged helix structure (Clark et al., 1993 ) and seems to be suf®cient for DNA binding whereas transcriptional modulation of target genes is achieved by trans-acting motifs being located outside the winged helix domain. We here report the isolation and expression patterns of two novel members of the Xenopus fork head domain (XFD) family, XFD-13 and XFD-13 H , which by sequence and by functional homologies most likely represent the Xenopus orthologues to the previously reported mammalian FREAC-1/HFH-8 (Hellqvist et al., 1996; Peterson et al., 1997; Mahlapuu et al., 1998) .
DNA and protein sequences
Screening of a tailbud stage cDNA library with the Drosophila fork head domain as labelled probe led to the isolation of two additional members of the Xenopus fork head domain (XFD) family, termed as XFD-13 and XFD-13 H . A comparison of their sequences to other members of the XFD family revealed that XFD-13/13 H encode two novel members of the XFD gene family. Subsequent screening of a genomic DNA library led to the isolation of a genomic fragment containing the XFD-13 H gene. The gene is composed of two exons, the intron is located near the Cterminus encoding region. Transcription start site was identi®ed by 5 H -RACE (data not shown) demonstrating a TATAA box located 30 nucleotides upstream to the start site. Fig. 1A and B show the structure and the genomic XFD-13 H sequence which, for the exons, is completely identical to the corresponding cDNA. Within their coding regions, XFD-13 and XFD-13 H exhibit 96.5% nucleotide sequence identity; outside, they mainly differ by a 700 bp insertion within the 3 H -untranslated region of XFD-13 (EMBL accession numbers AJ242680 and AJ242679). Fig. 1C shows an alignment of XFD-13/13
H amino acid sequences to their closest relatives as determined by computer aided data bank searches. XFD-13 and XFD-13 H differ only by seven amino acid replacements, thereby sharing 98% identity. Therefore, they should be regarded as pseudo-alleles due to the tetraploidization event in Xenopus. As could be anticipated, the growing number of complete fork head/winged helix protein sequences meanwhile allows for an alignment of orthologues from different species. Obviously, XFD-13 is the Xenopus sequence orthologue to human FREAC-1 (Clevidence et al., 1994; Hellqvist et al., 1996) and mouse FREAC-1/HFH-8 (Clevidence et al., 1994; Hellqvist et al., 1996) which are members of winged helix subgroup 8b (Kaufmann and Kno Èchel, 1996) . This notion is further supported by a comparison of the organization of corresponding genes. Mammalian FREAC-1 genes exhibit the same organization; two exons are separated by an intron which is located exactly at the identical position. Regarding the AUG suggested to function as start codon by its near-optimal context for the translation initiation consensus sequence (Hellqvist et al., 1996) , XFD-13 shares more than 80% identity with both the human and the mouse proteins over their entire sequences. However, in lack of a corresponding protein analysis we show the complete protein sequence as it is derived from the ®rst N-terminal methionine. Interestingly, the DNA binding domain has been absolutely conserved during evolution in frog and human. Moreover, two transcriptional activation domains being reported to encompass 65 amino acids directly following the fork head domain and 26 amino acids preceding the C-terminus (Mahlapuu et al., 1998) are also well conserved, because observed differences are mainly due to conservative replacements. Two other fork head/winged helix factors, human FREAC-2 (Hellqvist et al., 1996) and mouse Lun (Miura et al., 1998) are closely related but clearly distinct from the FREAC-1 group, because they exhibit signi®cant sequence divergencies outside their fork head domains (data not shown).
Temporal and spatial expression patterns
XFD-13 transcripts during embryogenesis were monitored by RT-PCR of total RNA (Fig. 2) . Whereas there is no maternal component, zygotic activation of XFD-13 is observed at late gastrula/early neurula and transcripts accumulate towards the end of embryogensis. Using a primer which discriminates between XFD-13 and XFD-13 H we did not observe any difference in the temporal patterns (data not shown).
The spatial distribution of transcripts was analysed by using in situ whole mount hybridizations with XFD-13 or XFD-13 H transcripts, respectively. Both probes led to identical results; we therefore only show the data obtained for XFD-13 (Fig. 2) . XFD-13 transcripts are ®rst detected in neurula stage embryos at the lateral border and within the anterior neural plate. At stage 23, expression is visible below the eye anlage presumably in the mandibular and in the hyoid crest, and in the dorsolateral plate (DLP). This pattern persists until stage 26, when transcripts are also observed within the branchial arches and the DLP elongating from anterior to posterior. During tailbud stages XFD-13 transcripts are present in the pronephros and pronephros duct regions. Obviously, expression occurs in cells which migrate from the DLP to the ventral region, because they only emerge ventrally to the stained region of the DLP excluding the posterior part of the embryo. Apparently, they do also not migrate to the head or to the more dorsally located somites. Transverse sections show that these cells originate from the splanchnic layer of the lateral mesoderm. A higher magni®cation reveals that they are organized in patches or cell clusters within the lateral mesoderm which do neither signi®cantly colonize the endoderm nor the ectoderm. After stage 40, staining is con¯uent indicating the formation of vessel-like structures. Since the DLP is known to be the source of de®nitive hematopoietic stem cells, we assume that XFD-13 is expressed in a subpopulation of differentiating hematopoietic cells originating from the DLP. They also might represent endothelial precursors which are known to display a hematopoietic potential (Pardanaud et al., 1996) . We currently tried to verify the cell type but so far we can only con®rm that these cells do not represent leucocytes as detected by the Xenopus speci®c anti-leucocyte monoclonal antibody XL-2 (Miyanaga et al., 1998) .
A comparison of the XFD-13 pattern to that of HFH-8/ FREAC-1 in mouse and rat embryos (Peterson et al., 1997; Mahlapuu et al., 1998 ) reveals obvious similarities. HFH-8 expression initiates during primitive streak stage in the extraembryonic mesoderm and in the lateral mesoderm giving rise to somatopleuric and splanchnopleuric mesoderm. During organogenesis, expression is found in the splanchnic mesoderm in close apposition of gut endoderm and continues in lateral mesoderm derived tissues. HFH-8 expression is also observed in mesenchymal cells of the oral cavity, esophagus, trachea, lung, intestine, dorsal aorta and intersomitic arteries. Interestingly, several adult endothelial cell lines maintain abundant HFH-8 expression. FREAC-1 is reported to be expressed in rat embryos within mesenchyme in immediate proximity to endodermal epithelia throughout the digestive, urinary and respiratory tracts, in mesenchyme surrounding the notochord and adjacent to the ectodermal epithelia of the oral cavity and developing teeth. Hence, there are numerous overlaps between the patterns in mammals and frogs. Expression in head derived neural crest cells giving rise to head mesenchyme and location of transcripts around the urinary tract correspond for both. Even more striking is the expression in splanchnopleuric mesoderm, which is a source for endothelial and hematopoietic progenitor cells. Actually both cell types are supposed to be derived from a common precursor, the hemangioblast (Choi et al., 1998) . This intraembryonic structure in mammals is the functional equivalent to the DLP, whereas the extraembryonic yolk sac corresponds to the ventral blood island (VBI) in frogs (Turpen et al., 1997) . Although both compartments are bipotential with respect to primitive and de®nitive hematopoiesis, commitruent of VBI to primitive and restriction of the DLP to de®nitive hematopoiesis occurs during neurula stages, when XFD-13 is activated in the DLP. But one inconsistency has to be mentioned. While HFH-8 expression is observed in the yolk sac, XFD-13 is not expressed in VBI. However, this may be explained by the fact that the yolk sac is colonized by cells originating from the intraembryonic mesoderm. De®nitive hematopoiesis is reported to be autonomously initiated by the aortagonad-mesonephros (AGM) region (Medvinsky and Dzierzak, 1996) . Moreover, the lymphoid potential in mice, probed before circulation, is not derived from the yolk sac but is restricted to intraembryonic splanchnopleura, which includes the splanchnic mesoderm surrounding the endoderm of the developing gut and the endothelium of arteries (Cumano et al., 1996) . Thus it is possible, that yolk sac expression of HFH-8 is due to cells originating from the intraembryonic mesoderm. In any case, expression of both HFH-8/FREAC-1 and XFD-13 in the splanchnopleura or DLP, respectively, actually supports the notion that these mammalian and frog genes represent orthologues not only by sequence but also by functional aspects.
All methods used in this study have previously been described (Friedle et al., 1998) . Whole mount in situs were performed with XFD-13 antisense RNA derived from a 1316 bp fragment extending from the 5 H end of XFD-13 cDNA to an EcoRI site 107 nucleotides upstream of the stop codon. For determination of XFD-13 transcripts by RT-PCR we used the primers 5 H -AAC CCT CTG TCC TCC AGC CT-3 H and 5 H -GGT TAG TGC AAT GAC TAA CTT C-3 H yielding a 332 bp fragment. Fig. 2 . Temporal and spatial expression of XFD-13/13 H during Xenopus development for the temporal pattern, total RNA was subjected to RT-PCR (upper panel) . The ®rst lane (Oo) corresponds to RNA from mature oocytes, the last lane to a control assay lacking RNA. Histone H4 is used as an internal control. Stage classi®cation is done according to Nieuwkoop and Faber (1975) . The spatial pattern was analysed by whole mount in situ hybridizations. Embryos at stages 19 (A), 23 (B), 26 (C), 27 (D), 29 (E), 31(F), 36 (G), 39 (H) and 41 (I) and transversal sections of embryos at stages 24 (J), 32 (K) and 39 (L and M (higher magni®cation)) are shown. A horizontal section through a stage 32/33 embryo is shown in (N). dlp, dorsolateral plate; lb, lateral border of neural plate; n, notochord; nc, neural crest cells; v, vessel-like structures.
